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ZFFECT OF AGING ON TAUT RUBBER DIAPHRAGHS

3# D. H, Strother and H,. B, ﬁenrigkgqn
SUMMARY

As part of an investigatiorn of special cofipositions
of rubber suitable .for use gs diaphragms for 'aircraft in-
strunents, six samples were used as taut diaphragms in in-
gsbruments and allowed to age for five years. Two of thae
instruments were in. operating condition after this period R
of time and one had remarkably little change in perform—
ance, In making the rubber tetramethyl thiuram disulphide
was employed as a vulcanizing agent.

INTRODUCTION

It is recognized that rubber with good aglng charac-
teristics would be of value as a material for making dia-
phragms for sensitive pressure indicators, owing to its
large deflections as compared with other materials comizon-
1y used. Rubber diaphragms which were used previous to
1924, have performed satisfactorily for a short period of
time, but owing to the rapidity with which ‘the rubber do-
teriorated, the instruments required frequent recalibra-
tions and ultimately’became unfit for use in a much short-
er time' than is desirable.

As a contribution toward solving this problom, the .
Bureau of Standards, with the financial assisbtance of the B
National Advisory Committee for Aeronautics, investigated '
in 1924, the behavior of & number of compositions of rub-
ber contalning accelerators at that time known, ' These
samples were prepared at the Bureau of Standards by Dr.

A, T, LicPherson and were tested by the senior author and .
¢. T, Buckingham, Six of the compositions having the best
performance from those preparcd and tested were used as
diaphragms in air-speed indicators and tested over an ad-
ditional aging period of five years, Data were obtainod
on four of these instruments which are briefly presentod
in tais report.



- g s

o

N.A.C.A, Pechnical ¥ote io. 409

COUPOSITIOF OF RUBBER

s

The composition of the rubber_ samples on which data

were obtained as diaphragms,

is given 1in Table I,
identification numbe¥ of the instrumant in which each dia-

The

phragm was installed for test ls also glvem in the tabls,

TABLE I

Composition of Rubber and Vulcanization Data

Material”

1

Ingtrument ¥No..

15 j 16

Rubber (smoked sheet) -
Zine oxide

Tetramethylthiuram disulphide
(Tuads)

Sulphur

Methylamino-para~phenol sul-
phate (Metol).

Time of vulcanlzatlon in min-
"uves” ,

Temperature of vulcanization
in 9¢

Hetol was omployed ag an ingredient with the thought
that it might function as an antioxidant.

85,75

9.0

3,0

0.2b6

141

14
Per cent by welight
85 75 87 75,
9,0 9.0
3.0 30
0.25 0.25
2‘0 el
3 25
141 | 121

80.0

‘10,0

10.0

-

60"

127

None of the . -:

commercial antioxidants now used in rubber were avallable
at the time these sanples were prepared,

~
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> DESCRIPTION OF INSTRUMENTS -

S T samples were abttached whils" taut to mounting
riags in thée manner described by Faton and Buckingham,

(Reference 1,)

Tach mounting ring and diaphragm was then

installed in the case of an Ogilvie air-speed indicator,
A'view: of &° diqphragm in one of the’ instruments is shown

1n Figure 1‘

-

The dates when the rubber was" made and installed in

$ne” 1nstruments are given in Table Il

" The range of each

instrumént and thg correspond1ng pointer deflection in
degreos: of_arc;ape_a}gq gtven in' the tablé,

. -
Loh e

" UMABLE-II

Instrument | Angulab” | Idgtrument | . Diaphragm
Ident. No. motion of| - ~Tanhge Rubber - mounted in
' ' """ 'pointer - |’ Inchés of made instrument
'* Degrees ‘water D '

1l e ® 11,22 7 Jag,, 1924 Feb,, 192§

14 . 315 1l.2 Jan., 1924 July, 1925
15 - SRR 5 ¥ TR SRR % | Jen,, 1924) July, 1925

. 18 290" ‘12472 Sept., 1924| July, 1925

. The diameter of each diaphragm was. 84 millimeters
. (3.8.-incnes), The tip of the pointer of these instrumonts
has a-motion which is 23 times the deflection of :the dia-
phregm, which is-a comparatively small multiplication fac-
tor. The radius of tlue p01nter to the. tip is 41 mm (1.6
ine).

DESCRIPTIQON AND RESULTS OF TESTS
It was planned to have the instrumepts in service at

the Langley Memorial Aeronautical Laboratory and to check
tne Qondltion of the rubber by testing ‘the- instruments pe-~

e A - IR s

*Wb?;qbﬁaiaédﬁwtaken'as.300T¢°€ré?ﬁfoi”?i -
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riodically. It is not known how much service use the in-
struments received but this factor is of probably little
significance compared to the effect of lapse of time and
temperature, The temperature during the summer months
can be taken as the alr temperature at the .above labora-
tory at Langley Field, Hampton, Virginia, ) : :

In each test the diaphragms of the instruments were
subjected to a number of differential pressires, first
with the pressure increasing, and then with the pressure
decreasing. These pressures werse measured by means of a
sultable manometer. The instrument reading was indicated
on a scale graduated in units of air speed which were
without difficulty converted to units of pressure, thus )
obtaining a reading directly proportional to the deflecw N .
tion of the diaphragm,. The 1nstruments were given this
test wnile at room. temperature (25 ¢) and at ~10° G.

All of the instruments were given the first series .
of tests in 1926, two were again tested in 1927, and the
remaining two in 1931, There were six instruments origi-
nally, two of which proved defective mechanlcally during
the tests.:@ :Instrument No., 15 could not be tested in 1931,
as its diaphragm had become useless, a rupture along the
cirqunference having occurred.

‘The éurve showing the errors for instrument Wo. 14
given in Pigure 2, is typical of the curves obtained,

A sunmary of the test results is given_ in Table III,

The average increase in stiffness due to the. lapse
of time given in Table III is the difference in the slopes
of the curves for increasihg pressures obtained at the be-
ginning and the end of the time interval. Thus, for in-
strument No. 14, the value at room temperature is the N
difference in slope of lines A and B in Figure 2.

The average increasé in stiffmess with decrease in
temperature was determined similarly. For instrument No.
14 the value for 1931 is the diffeTence in slope of llnes
A and 0 in’ Figure 2 and- for 1926 the" diffsrence in slope
of lines B and D+’ . .

. The zero. shift with the 1apse of tlme 1s given in
terms of pointer motion in. degrees of arc., The prefix.. H
means that the reading increased with time and I, that
it decreased. In Figure 2, the ordinate E gives the e
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zero snift in units of pressure, which has been converted
into degreos of pointer motion using the data of Table II
and on the assumption of a straight line relation between
dlannragm de+lection snd differeéntial pressure.

The hysteresis ig the difference ‘in -‘the errors at =
given reoading of the instrument obtained first when the
pressure was increased to the ma.ximum and then when de-
creased to zZero againi.,. Thus in Figure 2, Ia, F,, etc.
are values of the hysteresis., The~ average hysteresis in
per cent of range is the average of the hysteresis at
equal intervals of the reading between the first and max-
imum reading divided by the maximum reading. Thus in Pig-
wre 2, the average hysterssis in the upper curve is

F, + % ---F (=0)

v ; L ke —L i
T, s - Lk

This value, when dlvided by L2.,7, the- maximum reading in
pregssure units, and multiplied by 100 gives 1.0, the’
quentity reported in. Iable III. .

TABLE. I1I
‘Instrument No.
e ererne - ) : : L . 1 14 | 15-} 16
Avoerage 'inerease in stiffness in - : :
per cent from 1926 to 1927, , , R 1. :
at +25°c . . 3,1 - +1.,5 -
t~*10 C . +8.,1 | " - =“1l.,5| 5 ~.
grem 1920 to 1931 at +25 c 4 om0 et | 8,0
at ~10°¢ . = 1.-.-0 ‘- -3.7
Average -increase in stiffness in
per cent from temperature of ' ) 1.
+35 G.to -10°¢ in 1925. . +2.6 | +2,5 | +7.9 | -0,8
. in 1927 . +7.6 - +4,9 -
in 1931 S - |.T2.5 - +3.5
Zero éhif; in degrees of pointer;-
deflection from 1928 to 1927 :
at +25°¢ 0.1E - 3H -
at -10°0 0 - 3L ~
from 1926 to 1931 at +25 C - 3H - 2H
at -10 C - 2H - 0.0
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TABLE III (cont.)

+25° C
-10%c

+20°¢

-10%
+252¢C
~10°¢

DISCUSSION
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The data given in Table III are of value principally
ag a yardstick wlith which to compare the aging character-~
1stice of rubber compositions available in 1824 with the
best of those now avallable for test,
in instrument No, 1%’ apparently has the best performance;

in fact,

The rubber installed

no appreciable change in calibration or other

characteristice of instrument performance were observed,

It should be noted, however,

that a slight change in cal-

ibration had been observed during the first year of the
life of the .rubber,

dt enough data are- available to warrant any correla-
tion between the speclfic composition of the diaphragms

and their performance,

Thus,

for example,

tion of* the rubber used in instrument No.
No. 14 are identical except for the slight difference in
t'ime of vulcanization but the performance of the two ine

gtruments differs far more than appears reasonable,

the composi-
1 and instrument

A

further point which may or may not be gsignificant is the
fact that the stiffness increased in the case of instru-
while on the other hand it decreasesd
This may be partly
caused by differences in the initial tension under which
they are mounted,
of the rubber which reduces the stiffness of the diaphragm.
The increase in stiffness is caused by oxidation of the

ments Nos,
in the case -0f instrument Xo,

ruvber,

1 and 15,

This tension may be reduced by the

"set"
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Fig. 1 View of rubber diaphragm mounted in an
_ instrument. Note the simple arrangement
for miltiplying the motion of the dlaphragm,
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